Abstract. This paper attempts to examine the impact of agricultural mechanization on technical efficiency of grape producers with different farm size by using stochastic frontier analysis (SFA) approach as well as survey data of 1690 farmers in Hebei, Liaoning, Zhejiang, Shandong and Xinjiang Province. The results show that technical efficiency of grape producers in different farm size has increased significantly as the increasing of agricultural mechanization; there is a positive impact of agricultural mechanization on rural income with a small farm size while a negative impact when farm size is large. Therefore, moderate scale management should be promoted, the mode of production should be transformed and agricultural mechanization should be accelerated.
Introduction
With the development of China economy and people living standard, the demand for vegetables and fruits is increasing rapidly year by year. According to the data of population and consumption of urban and rural residents in China Statistical Yearbook, the consumption of fruits increased 33.11%, ranging from 30.26 kilogram per capital to 40.28 kilogram per capital between 2003 and 2012. Consequently, demand for grape and its products, which are very nutritious, are expanded rapidly. This leads to a rapid development of grape industry and make grape industry become an important part of the rural economy [1] . As a traditional labor-intensive industry [2] , the production of grape mainly depends on the input of land, labor and funds. With the increasing costs of production inputs and limitation access to traditional inputs, the income of farmers in China became lower and lower, which is harmful to the enthusiasm of farmers for production and is a serious barrier to the development of grape industry. Therefore, changing the mode of production, getting rid of the dependence on the traditional inputs and achieving the improvement of rural income through the technical progress and the increasing of productivity, which is not only the requirement of Chinese government to accelerate promotion of agricultural modernization and ensure the development of grape industry, but also an important driving force to the development of rural economy.
The level of agricultural mechanization is a reflection to the using status of agricultural technique and increase the input of agricultural mechanization can make a great contribution to the productivity of labor, land and fund [3] . The small-scale farmers, however, is willing to use labor instead of machines, which leads to the low input of agricultural mechanization and a single production mode. Another result from this is the low productivity and a long-term of useless of agricultural mechanization [4] . Therefore, a deep analysis on the relationship between the level of agricultural mechanization and farm size, together with the impact of agricultural mechanization on rural income and technical efficiency with different farm size is of great importance to the improvement of technical efficiency of grape production and rural income in China, and the development of grape industry.
A large number of studies have been conducted on agricultural technical efficiency, in which the authors pay attention to three areas including the input of a specific factor, the change of environmental factors and the impact of the utilization of a new agricultural technique on production technical efficiency. Firstly, these researches mainly focus on the impact of different scale of input, social environment exercised by farmers and advances of improvement in production techniques on the technical efficiency [5] . Secondly, much attention has been paid to the estimation of the technical efficiency of a specific agricultural product [6] . The last but not the least, some authors devoted to the factors impacting on the technical efficiency [7] . Moreover, much attention has been paid to the technical efficiency of grape production including the estimation of technical efficiency and the comparison of different mode of grape production [8] . There are, however, few literatures on technical efficiency of grape production with different farm size and the relationship between the agricultural mechanization and farm size. Therefore, this paper pays attention to the change of grape technical efficiency with different farm size and agricultural mechanization based on the survey data of 1690 farmers to improve rural income, increase the enthusiasm of farmers for production and ensure the development of grape industry.
Methods and data
The data used in this paper is mainly from a fieldwork conducted by our research team in Hebei, Liaoning, Zhejiang, Shandong and Xinjiang Province, which are the major grape production areas [9] . 1690 farmers were interviewed through a face to face approach. The questionnaire mainly focuses on the physical input, input of agricultural mechanization and labors during the production of grape. Table 1 shows the distribution of samples we have interviewed. According to the exist studies on the technical efficiency, this paper selects the physical input, input of agricultural mechanization and labors during the production of grape as the indicators for input. Given the fact that the variety, production and farm gate prices of grape are different in different areas, and farmers pay most attention to the economic outcomes [10] , according to Liu Z., et al. (2000) , this paper select the sales revenue as the indicator of output. In order to distinguish the difference of areas, this paper regards the areas as dummy variables.
According to the farm size and characteristics of samples, this study divides the farmers into 9 types according to their farm size, input of agricultural mechanization (See Table 2 ). The data showed in Table 2 implies that most farmers are small-scale, whose farm size are less than 4000 m2. This demonstrates that grape production system is still dominated by unorganized and dispersed farmers. On the other hand, small-scale farmers account for 47% of total low input of mechanization while the number of middle and high input of mechanization are more than that of low input of middle and large scale farmers. This is quite different from the situation of small-scale farmers, which means the level of agricultural mechanization of small-scale farmers is lower than that of middle and large scale. Table 3 shows the information on each variety. Table 3 provides something interesting that the rural income increase with the increasing of farm size, which implies the increasing of farm size has a positive impact on rural income. As the increasing of level of agricultural mechanization, the production cost has been increased, which maybe result from the increasing cost of water, electricity, fertilizer and pesticide due to the utilization of agricultural machine. On the contrary, labor costs have been reduced as the increasing of level of agricultural mechanization, which implies that the use of agricultural machine will reduce the cost of labors.
Methodology and model
Most recent studies estimated technical efficiency by using Stochastic Frontier Analysis (SFA) and Data Envelopment Analysis (DEA). The latter is mainly used to estimate technical efficiency with multi-input and multi-output without a specific formulation. Despite its objectiveness, it seems impossible to conduct a statistical test and exclude the impact of statistical errors. SFA, however, can accurately evaluate the impact of stochastic errors and technical inefficiency on the production frontier and can analyze the factors impacting on technical efficiency. Therefore, this paper select SFA to estimate technical efficiency of grape production in China, the basic model can be defined as follow:
2 denotes combined variance, γ is the proportion of technical inefficiency account of combined errors. When γ=0, stochastic errors make the greatest contribution to total errors while when γ=1, technical inefficiency make the greatest contribution to total errors.
The technical efficiency of each farmer is estimated by the followed function:
E(·) denotes the mathematical expect. When TE i =1, there is no loss of technical efficiency, while when TE i <1, the loss of technical efficiency exists.
The formulations of SFA are often set as Cobb-Douglas and trans-log production function. Given the long production lead time of grape, the production of grape is affected by current input and input in the past, and the relationship among all inputs cannot be evaluated. Therefore, this paper selects the trans-log production function as the basic model to estimate the technical efficiency of each farmer. The formulation is as follow: 
Results and discussion
This paper estimates the production function by using Frontier 4.1 software; the results are showed in Table 4 . Note: *10%, **5%, ***1% significance. Table 4 shows the parameter estimates of each type. Most estimated first-order coefficients are positive and significant across the nine models. It also shows that technical inefficiency is reducing as the farm size and input of agricultural machine increasing, which implies that the expansion of production scale and increasing of level of agricultural mechanization make a great contribution to the reduction of technical inefficiency.
Trans-log production function reflects the complex relationship among all inputs and coefficients are interpretable as elasticities of output evaluated at the sample mean. The formulation is as follow:
n, m=1,2,3,4 denotes the number of input, T denotes the elasticity of nth input, β nm denotes the coefficient of the nth and mth input. Table 5 shows the elasticity of input of agricultural machine of different types. 0.0360 Table 5 shows that the elasticity of machine input of z 1 is only 0.0381%, which means if farmers of z 1 increases machine input by one percent, the output will increase by 0.0381%. However, the elasticity of machine input of z 2 and z 3 is negative, which means the contribution made by machine input is reducing as the machine input increasing in small-scale types. Meanwhile, elasticities of machine input in middle and large scale types are significant positive and the elasticities in large scale types are higher than that in middle scale types, which means the productivity of agricultural machine increases significantly as production scale expansion. Table 6 shows the technical efficiency of each farmer in different types. 0.7990 Table 6 shows that the larger the farm size is, the higher the technical efficiency will be. The technical efficiency of small-scale farmers depressing as the level of agricultural mechanization increasing, which maybe result from the low productivity of machine due to the small farm size. On the contrary, technical efficiency of middle and large scale farmers increases as the level of agricultural mechanization increasing, which means promotion of agricultural mechanization is useful for middle and large scale farmers to increase productivities of traditional inputs such as land, labor and fund.
Conclusion and implication
This paper analyzes the impact of agricultural mechanization on technical efficiency of grape producers with different farm size, together with the relationship between level of agricultural mechanization and farm size, by using stochastic frontier analysis (SFA) approach as well as survey data of 1690 farmers in Hebei, Liaoning, Zhejiang, Shandong and Xinjiang Province in 2013. The results show that:
The impact of machine input of small-scale farmers on rural income is significant positive when machine input is low, but the impact become negative when machine input become middle and high. This implies that enlarge the machine input is a battier to the improvement of income of small-scale farmers. On the contrary, there is always a significant positive impact of machine input on income of middle and large scale farmers.
Technical efficiency increases as the production scale expanded. Meanwhile, the technical efficiency of small-scale farmers with a low machine input is higher than that of small-scale farmers with a middle and high machine input. However, technical efficiency of middle and large scale farmers increases as the level of agricultural mechanization increasing.
The results of this study show that the optimal level of agricultural mechanization is different according to the production scale of farmers. For small-scale farmers, the inadequate increasing machine input is a barrier to the improvement of their income. However, it is an important way to solve the problem of limit supply of traditional input and increasing costs for middle and large scale farmers to increase the level of agricultural mechanization. The further study on technical efficiency of different types shows that the expansion of production scale is meaningful and useful to increase technical efficiency. For small-scale farmers, the optimal level of productivities is achieved when the level of agricultural mechanization is low, while the increasing of level of agricultural mechanization has a significant positive impact on the technical efficiency of middle and large scale farmers. Therefore, the industrialization of grape production should be promoted and the concentration and transformation of land should be encouraged to obtain the returns to scale. Meanwhile, more attention should be paid to the acceleration of progress of agricultural mechanization and take full use of advance of technique to increase productivities, get rid of limit supply of traditional inputs, reduce production cost, achieve the improvement of rural income and ensure the development of grape industry.
